Introduction
Malaria is one of the most prevalent human infectious diseases in tropical and subtropical regions as each year millions are infected with the Plasmodium falciparum parasite species and it is responsible for a number of deaths worldwide including India [1] [2] [3] . In some places, efforts such as the use of indoor spraying, insecticidetreated bednets, and combination drug therapy have resulted in a decrease in the incidence of malaria [3, 4] . The situation, however, has worsened in other areas because of the escalating resistance of P. falciparum to the common malaria drugs [5, 6] . In various parts of Asia, artemisinin-resistant parasites have been reported which threaten the use of artemisinin-combination therapy [7, 8] . An effective vaccine is now required for the control and final eradication of malaria because the malaria parasite escapes the human immune response very efficiently. Immunization with attenuated malaria parasites can confer immunity against diverse strains and it could become a highly efficient malaria vaccine [9, 10] . These attenuated parasites include radiationattenuated sporozoites and genetically attenuated parasites [10] . It has been reported recently that PfSPZ (P. falciparum sporozoite) vaccine is safe and well tolerated [11, 12] . A malaria vaccine termed RTS,S is composed of the central repeat region (R) and the T-cell (T) epitopes of P. falciparum circumsporozoite protein (CSP) and the hepatitis B surface antigen (HBsAg) combined in a single fusion protein ('RTS') and coexpressed in yeast cells with free HBsAg [13] . This vaccine, along with the AS01 adjuvant system (RTS,S/AS01), has been tested in several studies and has been recently reported, to elicit protective immunity against malaria infection primarily through high levels of antibodies [13, 14] .
Further studies are in progress for the development of an effective vaccine against malaria, but the growing resistance of P. falciparum to antimalarial treatment is a major setback [15, 16] . The resistance to multiple drugs such as chloroquine, antifolates, and mefloquine developed around the 1990s and hindered the efforts to control malaria [15] . Recently in some areas of the world, artemisinin-resistant parasites have been reported [16] . In a recent multinational study of malarial immunity and emergence of artemisinin resistance, it has been shown that naturally acquired immunity to P. falciparum differs and is lowest in areas where the slow parasite clearance phenotype is highest [17] . Probably several factors, such as mutations in target enzymes, are responsible for this increasing resistance [18] . It is noteworthy that in some organisms, defective DNA mismatch repair (MMR) has been associated with enhanced mutation rates and resistance to drugs. Similarly, one of the mechanisms for drug resistance in P. falciparum is most likely a faulty DNA repair [19] .
Worldwide extensive efforts are underway to understand the parasite biology for efficient drug development and disease eradication [3] . However, emergence of drug resistant strains and lack of vaccine against P. falciparum has made the task very challenging for researchers. The life cycle of the Plasmodium parasite is complex and requires two hosts, the female Anopheles mosquito and a human host [3] . After entering the human host, the sporozoites infect hepatocytes and this is followed by asexual development of the parasite in the blood [3] . The feeding mosquito ingests some of the sexual forms that have developed during the erythrocytic stages and the cycle is completed in the mosquito [3] . P. falciparum deviates from the standard eukaryotic cell cycle during intraerythrocytic growth and undergoes numerous rounds of DNA replication and nuclear division with no cytokinesis [3] . P. falciparum genome contains 14 chromosomes, nearly 5400 genes, and a complex life cycle as it traverses from mosquitoes to humans [20] . The progress in nucleic acid sequencing and reverse genetics has helped in postgenome analysis and understanding the biology of the malaria parasite and its interactions with human host [21] . For example, when helicase is given as query in PlasmoDB (www.PlasmoDB.org) [22] , numerous positive hits are discovered, suggesting that numerous helicases exist in this parasite.
Helicases
Helicases are molecular machines that act as 'screw driver' to cause the unwinding of duplex nucleic acids by harnessing the energy derived from hydrolysis of nucleoside triphosphates (NTPs) [23, 24] . Helicases constitute a large family of proteins and are universally present in organisms such as bacteria, viruses, bacteriophages, plants, humans, and protozoa such as the malaria parasites [25] [26] [27] . Various studies have shown that cells contain numerous helicases, most of which are highly specific and essential [24] . Multiple human diseases are caused by defects in these enzymes, suggesting that these are important for normal functioning of the cell [28] . The ubiquitous occurrence of helicases in all the organisms suggests that they are required for all the DNA and RNA metabolic processes such as recombination, repair, replication, transcription, RNA editing and synthesis, ribosome assembly, splicing, rRNA processing, RNA stability, and initiation of translation [29] [30] [31] [32] [33] .
Helicase motifs
Helicases are characterized by the presence of about six to nine conserved 'helicase motifs' that have been used to categorize these enzymes into six diverse superfamilies [29] [30] [31] [32] [33] [34] . The 'helicase core region' contains the conserved helicase motifs designated as Q, I, Ia, Ib, II, III, IV, V, and VI [32, 33] . The important and wellcharacterized motifs are motif I (A/GxxGxGKT), motif II (VLDEAD), motif III (SAT), and motif VI (HRIGRxxR), which have been shown to be responsible for ATP binding and hydrolysis (Q, I, II, and VI), nucleic acid binding (Ia, Ib, IV, and V), and ATPhydrolysis-dependent unwinding activities (III and Va) [32, 33] . Because of the DEAD sequence in motif II, this family has been designated as 'DEAD-box' family also [32] [33] [34] [35] [36] . It has been suggested that even though the core region functions as an ATP-dependent motor, the N-and C-terminal extensions provide substrate specificity and are important for the specialized functions of each enzyme [23, 24, [32] [33] [34] [35] [36] .
Plasmodium falciparum helicases
Analysis of the P. falciparum genome shows that it contains homologs to DEAD-box family, DEAH-box family, RecQ family, RuvB family, and superkiller family of helicases [26] . It is also worth noting that the number of these helicases in the parasite is variable in comparison to the human host. For example, the parasite contains three members of RuvB family in comparison to two members present in human host [26, 37] . But in comparison to five members of RecQ family present in the human host, the parasite has only two members of this family [26, 38, 39] . It is also noteworthy that the parasite genome contains few parasitespecific helicases including UvrD helicase and homologs of these are absent from the human genome [26, 40] . Thus far, there is only a single report of a helicase purified from P. falciparum lysate (PfDHA) and characterized in detail [41] . PfDHA exhibits ATP or dATP-dependent DNA helicase activity and moves unidirectionally in the 3 0 to 5 0 direction. It is unable to unwind blunt-end DNA substrate and was inhibited by anthracyclin antibiotics such as aclarubicin, daunorubicin, doxorubicin, and nogalamycin [41] .
Differential gene expression in the presence of chloroquine has revealed that RNA helicase-like proteins are most likely involved in antimalarial action in P. falciparum [42] . Other studies have reported that helicases are plausible drug targets for malaria control [43] . Using dsRNA-based approaches, previous studies have shown that some helicases are crucial for the growth and survival of the malaria parasite [39, [44] [45] [46] . Furthermore, recent report suggests that the helicases most likely function in stress survival in P. falciparum [47] . Post-translational modifications, especially lysine and ariginine methylation, of some helicases have also been suggested to play significant regulatory role in various biological pathways [48, 49] .
DEAD-box helicases of Plasmodium falciparum
DEAD-box family belongs to superfamily 2 and is the largest family of helicases characterized from a variety of organisms [32] . P. falciparum contains homologs to most of these DEAD-box helicases [26, 50] . The core region in these P. falciparum DEAD-box family helicases ranges from 284 to 379 amino acids (Fig. 1A) , but in some, the core region is longer in size. It is noteworthy that the amino and carboxy terminal extensions are extremely inconsistent and vary from 48 to 769 and 43 to 790 amino acids, respectively (Fig. 1A) .
The DDX46/Prp5p homolog of P. falciparum contains a very long N-terminal region and was therefore used for structural modeling (http://swissmodel.expasy. org/) [51, 52] . The structure model was built using Saccharomyces cerevisiae Prp5p structure (PDB id 4ljy, (Fig. 1B, i-iii) . The top scoring model showed~40% identity with the S. cerevisiae Prp5p template [53, 54] . It has been suggested that the large insertions in the P. falciparum proteins loop out and most probably have no significant role [55, 56] . These observations suggest that although PfDDX46/ PfPrp5p contains a very long N-terminal region, it is structurally homologous to S. cerevisiae Prp5p.
The presence of helicase motifs is insufficient to categorize a protein as a bona fide helicase and thus biochemical characterization is a prerequisite for their categorization. Some of the P. falciparum DEAD-box family members have been biochemically characterized. Human p68 (protein of 68 kDa) is one of the best characterized members of DEAD-box family and has been reported to be involved in a variety of processes [57] . The function of p68 has been reported to be regulated by post-translational modifications such as acetylation, phosphorylation, and sumoylation [57] . The homolog of p68 has been reported in all the Plasmodium species on PlasmoDB (www.PlasmoDB.org) [22] . The P. falciparum homolog PfDH60 exhibits~70% sequence identity with the p68 protein from other sources. PfDH60 contains ssDNA-dependent ATPase and DNA and RNA unwinding activities [58] . The bipolar and dual nature of PfDH60 helicase suggest that it is probably involved in variety of pathways in P. falciparum [59] . The high expression of PfDH60 in the schizont stages of intraerythrocytic development in P. falciparum further implies that it might be involved in DNA replication. Furthermore, the protein kinase C-dependent phosphorylation of PfDH60 leads to upregulation of its enzymatic activities [59] . Recent studies have reported that PfDH60 is methylated at arginine and lysine residues and this modification may regulate its activities [48, 49] . Thus, phosphorylation and methylation might be responsible for physiological regulation of PfDH60 and in turn overall nucleic acid metabolism in the parasite. It has been observed that growth of P. falciparum was significantly reduced in cultures treated with PfDH60-specific antibodies or PfDH60-specific dsRNA suggesting the importance of PfDH60 in P. falciparum growth and development [44] .
The eukaryotic initiation factor 4F (eIF4F) complex is involved in translation initiation and is made up of three subunits; eukaryotic initiation factor 4A (eIF4A), eIF4E, and eIF4G, and eIF4A is a member of the DEAD-box family helicase essentially required for protein synthesis [60] . During scanning, eIF4A facilitates the translation of mRNAs by unwinding the complex secondary structures present in the 5 0 untranslated region [60] . It has also been reported that overexpression of eIF4A leads to dysregulation of protein synthesis and results in various cancers [60, 61] . Hippuristanol inhibits the enzymatic activities of eIF4A and therefore can be used as antineoplastic agent [62] . eIF4A homolog has been reported in several species of Plasmodium, and the P. falciparum eIF4A (PfH45) has been characterized in detail [22, 45] . PfH45 exhibits ATPase activity, ATP-dependent RNA helicase activity and interestingly it contains bipolar DNA helicase activity [45] . PfH45 was expressed throughout the intraerythrocytic developmental stages and it is essential for the growth and survival of P. falciparum 3D7 strain [45] . The PfH45-specific dsRNA-mediated reduction of the parasite growth was due to specific decreased synthesis of PfH45 protein [45] . The ATPase and DNA helicase activities of PfH45 were effectively inhibited by nogalamycin, actinomycin, daunorubicin, netropsin, ethidium bromide, and DAPI [63] . Previous studies have reported that PfH45 is phosphorylated by protein kinase C and recent studies have shown that it is methylated at arginine residues suggesting that posttranslational modifications may regulate its activities [49, 63] . It will be interesting to study the effect of hippuristanol on the activity of PfH45.
DEAD-box protein DDX39/Sub2p/UAP56 (U2AF65-associated protein) is necessary for mRNA export and is conserved across eukaryotes [24] . The data on PlasmoDB (www.PlasmpDB.org) show that most of the Plasmodium species contain a UAP56 homolog [22] . P. falciparum UAP56 homolog known as PfU52 is peculiar because instead of the common DEAD motif, it contains DECD motif [64] . PfU52 exhibited RNA-binding, RNA helicase, and RNA-dependent ATPase activities and was also implicated in splicing reaction [64] . The RNA-binding activity of PfU52 is required for its enzymatic activities [64] . PfU52 is expressed in all the asexual developmental stages of P. falciparum 3D7 strain and is localized both in the cytoplasm and nucleus suggesting that PfU52 most likely participates in mRNA export in P. falciparum 3D7 strain [64] . The in silico molecular modeling and structural analysis revealed that PfU52 displayed structural similarities with its human homolog and it also exhibits some distinctive properties that can be used for drug design [65] . It has been reported in recent studies that PfU52 is methylated at arginine and lysine residues and this modification may regulate its activities [48, 49] .
Plasmodium falciparum helicase of 69 kDa (PfH69) is a homolog of human DDX18 and yeast Has1p [ 24, 66] and has been reported in all the species of Plasmodium (www.PlasmoDB.org) [22] . PfH69 has been shown to exhibit DNA-and RNA-dependent ATPase, DNA and RNA helicase, and RNA-binding activities.
The observations further show that in addition to the core region, the nonconserved N-terminal region of PfH69 is necessary for all the enzymatic activities of the protein [66] . The mRNA export pathway involving Dbp5 is a highly conserved pathway in humans and yeast [24] . All the Plasmodium species contain a Dbp5 homolog and the P. falciparum homolog (PfD68) contains all the motifs including the Q motif [22, 67] . PfD68 exhibited RNA-dependent ATP binding and it requires dATP or ATP for DNA helicase activity [67] . PfD68 also contains an RNA helicase activity suggesting that PfD68 is a dual-natured helicase. Similar to PfDH60 and PfH45, PfD68 also translocates in both the 5 0 to 3 0 and 3 0 to 5 0 directions, suggesting that this bipolar property is helpful for a variety of nucleic acid metabolic processes [67] . PfD68 is also expressed in all the intraerythrocytic developmental stages (i.e., the ring, the trophozoite, and the schizont) of P. falciparum 3D7 strain [67] and the localization of PfD68 was mainly in the cytoplasm, indicating that it plays most likely a role in cytoplasmic processes involving RNA. The DNA helicase and ATPase activities of PfD68 were reported to be inhibited by DNA-binding compounds such as ethidium bromide, actinomycin, daunorubicin, DAPI, and netropsin [68] . The intercalation of the compounds into the duplex DNA substrate probably blocks the sustained translocation of the enzyme that, in turn, inhibits the unwinding of the duplex substrate [68] .
Another important member of DEAD-box family, DDX6 or DOZI (development of zygote inhibited) homolog of P. falciparum has been characterized in detail [69] [70] [71] . It was reported that in Plasmodium berghei, the translationally quiescent mRNAs are found in the cytoplasm of female gametocytes and their stabilization depends on the RNA helicase DOZI [69] . In a related study, it was further shown that a messenger ribonucleoprotein (mRNP) from P. berghei gametocytes contains DOZI and the Sm-like factor CITH (homolog of worm CAR-I and fly Trailer Hitch) [70] . The composition analysis of mRNP complex indicated that it contains 16 major protein factors including eIF4E and poly(A)-binding protein [70, 72] . During the intraerythrocytic developmental cycle, numerous RNA-binding proteins including DOZI have been reported to be implicated in post-transcriptional regulation of gene expression [72] . The data on PlasmoDB (www.PlasmoDB.org) show that DOZI is conserved in all the Plasmodium species [22] . The DOZI homolog of P. falciparum, PfDZ50, exhibits nucleic acid binding, ATPase, and RNA helicase activities [71] . PfDZ50 is typically localized throughout the cytoplasm in the granular bodies in all intraerythrocytic developmental (the ring, trophozoite, and schizont) stages of the P. falciparum 3D7 strain and PfDZ50 inhibits translation by interacting with PfeIF4E through domain 1 [71] . Due to the presence of PfDZ50 in granular bodies, it has been suggested that DOZI may be involved in post-transcriptional gene regulation mechanisms [72] .
Most of the DEAD-box helicases characterized from P. falciparum are expressed throughout all the life cycle stages of intraerythrocytic development of the parasite and some of these (PfDH60 and PfH45) are important for parasite growth and development. Therefore, targeting these will help in curtailing the growth of the parasite.
DEAH-box helicases of Plasmodium falciparum
The characteristic of this family is the occurrence of DEAH sequence in motif II [24] . P. falciparum contains homologs to only some members of the DEAH family helicases and only one of these has been biochemically and functionally characterized in detail [26] . The core region in DEAH-box family members of P. falciparum ranges from 307 to 488 amino acids ( Fig. 2A) . The amino and carboxy terminal extensions vary from 26 to 653 and 295 to 598 amino acids, respectively ( Fig. 2A) . The DHX37 homolog of P. falciparum was used for structural modeling using the Swissmodel homology modeling server (http://swiss model.expasy.org/) [26, 52] . The structure model was built using Drosophila MLE (maleless) helicase of the DExH family (PDB id 5AOR) as a template (Fig. 2B,  i-iii) . The top scoring model showed~24% sequence identity with the template Drosophila MLE [73]. These observations suggest that although PfDHX37 contains very long N-and C-terminal regions, it is structurally homologous to DExH family helicase from Drosophila [26, 73] .
Prp16 is conserved in all the Plasmodium species and it has been characterized in detail from P. falciparum [22, 51, 74] . PfPrp16p has been reported to bind RNA; it exhibits ATPase and DNA and RNA helicase activities and is involved in splicing reaction. It was reported that not the full-length PfPrp16 but a chimeric yeast-Plasmodium Prp16 protein can rescue the yeast Prp16 temperature-sensitive mutant [74] .
RecQ family of Plasmodium falciparum
RecQ helicases are recombination-specific DNA helicases responsible for unwinding G-quadruplex (G4) DNA motifs [75, 76] . The malaria parasite expresses different versions of its surface epitopes, allowing it to evade detection by the host immune system. G4 DNA motifs might play an important role in this process because they facilitate recombination and subsequently diversification of antigen families in P. falciparum [77] [78] [79] . The nontelomeric regions of important genes of P. falciparum contain potential G4 DNA motifs, and it has been proposed that RecQ helicases are potential G4 motif processing helicases in P. falciparum [78, 79] .
The mutations in three members of the RecQ family BLM, WRN, and RECQ4 are associated with a predisposition to cancer and premature aging [28] . The core region of RecQ family members of P. falciparum ranges from 305 to 331 amino acids and the N-terminal and C-terminal extensions range from 72 to 76 and 321 to 1063 amino acids, respectively (Fig. 3A) . The characterization of RecQ family member PfBlm suggests that it is homologous and structurally similar to human HsBlm [39] . The characterization of RecQ1 from multidrug-resistant P. falciparum K1 strain has shown that PfRecQ1 contains ATP-dependent 3 0 to 5 0 direction DNA helicase activity [80] . PfRecQ1 was incapable of unwinding blunt-end duplex DNA substrate and doxorubicin and daunorubicin inhibited its unwinding activity [80] . The sequences of Wrn helicases of Homo sapiens and P. falciparum are significantly conserved [38] . It is noteworthy that the Wrn homolog in several other species of Plasmodium (Plasmodium knowlesi, P. berghei, Plasmodium vivax, and Plasmodium yoelii) exhibited remarkable identity in all the helicase motifs [38] . In PfWrn, all the helicase motifs and the functional domains are present in the N-terminal fragment (PfWrnN) and its predicted structure resembles human RecQ1 protein but no domain is present in the C-terminal fragment (PfWrnC) [38] . PfBlm and PfWrnN exhibited ATPase and 3 0 to 5 0 direction-specific DNA helicase activity but PfWrnC lacks these activities [38, 39] . PfWrnN showed highest DNA helicase activity in the presence of GTP, dATP, and ATP and exhibited some activity in the presence of other NTPs and dNTPs [38] . PfBlm exhibited highest DNA helicase activity in the presence of ATP as cofactor but it can utilize all other NTPs and dNTPs also [39] . PfWrn is mainly expressed in the trophozoite and schizont stages and PfBlm is expressed in all the intraerythrocytic developmental stages of P. falciparum 3D7 strain [38, 39] . It is noteworthy that, in addition to the nucleus, PfBlm also localized in the cytoplasm in some stages of intraerythrocytic development [39] . In addition, dsRNA-mediated gene disruption of PfBlm showed that it is necessary for the intraerythrocytic growth of P. falciparum 3D7 strain [39] .
RuvB family of Plasmodium falciparum
RuvB is a member of AAA+ (ATPases Associated with various cellular Activities) class of enzymes [81, 82] . These proteins have indispensable roles as ATP-dependent helicases involved in several cellular processes such as cell cycle progression and transcription [37, 81, 82] . P. falciparum 3D7 genome contains three RuvBs: PfRuvB3 is closely related to human Reptin (HsRuvB2) protein, while PfRuvB1 and PfRuvB2 are related to human Pontin (HsRuvB1) protein. The core region of RuvB family of P. falciparum ranges from 327 to 334 amino acids and the N-and C-terminal extensions span from 72 to 142 and 50 to 84 amino acids, respectively (Fig. 3B) . PfRuvB1 possesses ssDNA-stimulated ATPase activity and it is also active as helicase and unwinds DNA in a 5 0 to 3 0 direction [83] . PfRuvB2 is also active as ATPase and possesses a weak helicase activity and unwinds DNA in the 5 0 to 3 0 direction [84] . It is noteworthy that PfRuvB3 is active only as ATPase and the recombinant PfRuvB3 exhibits no DNA helicase activity [85] . PfRuvB3 interacts with PfRuvB2, and acts as an allosteric modulator and positively regulates the helicase activity of PfRuvB2 [84] . Furthermore, the PfRuvB2-PfRuvB3 complex is critical for the extensive unwinding activity during schizont/merozoite or intraerythrocytic mitosis [84] .
Both PfRuvB1 and PfRuvB2 are expressed in all the asexual stages of the parasite development and PfRuvB2 partially localizes to the nucleus and the cytosol during the schizont stage of intraerythrocytic development of P. falciparum 3D7 strain. PfRuvB3 is expressed only during the schizont stages, where intraerythrocytic mitosis of P. falciparum occurs [85] . It is interesting that once schizont ruptures and merozoites are released, PfRuvB3 localizes to the discrete region of nucleus. Thus, it can be postulated that PfRuvB3 mainly functions in the nucleus. PfRuvB1 ATPase activity is considerably reduced by novobiocin and moderately by ciprofloxacin and cisplatin and the helicase activity of PfRuvB1 is inhibited by actinomycin, novobiocin, and ethidium bromide [86] .
RuvB homologs are conserved in all the Plasmodium species (www.PlasmoDB.org) [22] . In the chloroquine and pyrimethamine-resistant P. falciparum K1 strain, PfRuvB3 K1 has been shown to contain ATPase and DNA unwinding activities and its ATPase activity is reduced by netropsin, daunorubicin, and doxorubicin [22, 87] .
Repair helicases of Plasmodium falciparum
Genomic stability is maintained by various efficient DNA repair pathways [88] . The nucleotide excision repair (NER) is one of the central pathways of DNA repair and involves the activities of the 10 subunit transcription factor IIH (TFIIH) complex in eukaryotic cells [89] . Xeroderma pigmentosum group B (XPB) and X. pigmentosum group D (XPD) are important helicases of this complex and mutations in these cause variety of genetic disorders [90] . During genome-wide analysis of P. falciparum 3D7 strain, XPB and XPD helicases were identified [26] . Other Plasmodium species also contain homologs of XPB and XPD (www.Pla smoDB.org) [22] . PfXPB and PfXPD are members of superfamily 2 and contain all the distinctive domains of the typical helicases but these are different in size [24, 91] . In addition to two RecA-like domains, XPB and XPD contain additional FeS and ARCH domains [91] . PfXPD contains ssDNA-dependent ATPase and DNA helicase activities [92] . For helicase activity, PfXPD can utilize all the NTPs/dNTPs and the direction of unwinding is 5 0 to 3 0 . PfXPD is localized in the nucleus and is expressed throughout the asexual developmental stages in P. falciparum 3D7 strain [92] .
Parasite-specific helicase UvrD
UvrD is a member of superfamily one and is essential for the NER and mismatch repair (MMR) to repair mismatches occurring as a result of DNA damage or during DNA replication [24, 93] . Remarkably, P. falciparum and other Plasmodium species contain UvrD helicase but its homolog is absent in the human host [40, 94] . PfUvrD is a 1441 amino acid protein of~170 kDa, and its various fragments have been biochemically characterized. PfUDN and PfUDC1 exhibit ATPase and helicase activity but PfUDC2 contains no detectable enzymatic activity [95] . PfUDN can use all the NTPs/dNTPs for helicase activity, it can also unwind blunt-end duplex DNA substrate and translocates in the 3 0 to 5 0 direction [95] . The endogenous full-length PfUvrD protein also exhibits characteristic helicase activity [95] . Previous studies have shown that PfMLH (P. falciparum MutL homolog) interacts with PfUDN and this results in the modulation of PfUDN helicase activity [95, 96] . Furthermore, the helicase activity of PfUDN was inhibited by nogalamycin, ethidium bromide, daunorubicin, and netropsin [96] .
PfUvrD is particularly expressed in the schizont stages of the intraerythrocytic development of P. falciparum 3D7 strain and it is restricted to the nucleus only [95] . PfUvrD-specific dsRNA inhibited the intraerythrocytic development of P. falciparum 3D7 strain suggesting that UvrD is crucial for the development of the parasite [46] . It will be useful to identify the specific inhibitors of PfUvrD because it is parasite-specific and required for parasite growth.
Conclusions
The genome-wide analysis revealed that homologs of almost all the human helicases are present in the P. falciparum genome. Thus far, one member of DEAH family, six members of DEAD-box family, UvrD helicase, three RuvB family members, two members of RecQ family, and XPD helicase have been systematically characterized (Fig. 4A) . These helicases likely play roles in various nucleic acid metabolic pathways in the malaria parasite (Fig. 4B) . The studies further suggest that most of these helicases are required for the intraerythrocytic development of P. falciparum 3D7 strain. Generally, the activity of helicases is reduced by DNA-interacting ligands because these compounds most likely intercalate into DNA and produce a complex that hinders the movement of the helicase, resulting in the inhibition of the ATPase as well as unwinding activities. During nucleic acid transactions, the helicase is most likely the first component of the 'protein machines' that helps in opening of the duplex. If these DNA-interacting compounds completely inhibit unwinding of duplex DNA and/or RNA, this will result in deleterious effect on subsequent nucleic acid metabolic processes. It will be interesting to identify a DNA replicative helicase from P. falciparum, which can be utilized as a specific target to control the malarial DNA replication. Helicase inhibitors provide an attractive viable path for the development of novel drugs. Some of the helicases such as PfDH60 and PfUvrD are expressed only in schizont stages; therefore, it will be interesting to identify specific inhibitors for these in order to arrest the parasite growth at schizont stage. eIF4A has been reported as a target for cancer treatment; therefore, it will be really interesting to determine the effect of hippuristanol on the activity of PfH45 also. Considering the essential role of RuvB-like proteins in various cancers, oncologists have projected that RuvB-like protein would be an appropriate drug target for cancer chemotherapy. Taking the advantage that P. falciparum contains three members of the RuvB family in comparison to two members present in human, and its essential requirement for growth in yeast, PfRuvBs could be proposed as suitable drug target for malaria control.
